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LIGHTWEIGHT WEDGE DESIGN FOR HIGH SPEED GENERATORS 

FIELD OF THE INVENTION 

[0001] Various embodiments of the invention pertain to electric generators and motors. 
More particularly, one embodiment of the invention pertains to a wedge design for high speed 
electric generators. 

DESCRIPTION OF RELATED ART 

[0002] Wound-type induction machines have long been used as electric generators and 
motors. In a typical generator design, a direct current (DC) wound rotor includes a magnetic 
core with multiple poles, each wrapped with a coil. Such rotor spins at high revolutions per 
minute (RPM) and subjects its components to high centrifugal loads. To prevent the coils from 
being spun off the core, wedges are employed in the inter-polar area. At high RPM (> 12,000 
RPM) the stress in the pole tips of the rotor core may be high enough to prevent them from being 
used to support the wedge. The loads that are experienced by the wedge in these conditions are 
those imposed by the coil and also those resulting from the centrifugal load due to the bulk mass 
and also the center of mass of the wedge itself relative to the axis of rotation of the rotor. These 
two design factors are controlled by the shape of the design and the density of the material. In a 
conventional wedge design these conditions result in a conflicting design where the wedge gains 
weight in order to have enough strength to resist the forces it is subjected to. This additional 
weight then increases the forces resulting in a vicious circle with thicker webs being used to 
provide stiffness merely to provide the stiffness to support the wedge itself. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] Figure 1 illustrates a generator wedge according to one embodiment of the invention. 
[0004] Figure 2 illustrates a rear view of the generator wedge of Figure 1 according to one 
embodiment of the invention. 

[0005] Figure 3 illustrates a cross-sectional view of the generator wedge of Figure 1 
according to one embodiment of the invention. 

[0006] Figures 4, 5, and 6 illustrate how a generator wedge may be positioned within a 
generator according to one embodiment of the invention. 
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SUMMARY OF THE INVENTION 

[0007] One embodiment of the invention provides a wedge-shaped member to restrain coil 
windings of a generator rotor from moving under centrifugal force. The wedge-shaped member 
includes a first plate, a second plate opposite the first plate but at an angle to the first plate, and 
one or more reinforcing members coupled between the first plate and the second plate and 
substantially perpendicular to the first plate and second plate. The wedge-shaped member is 
configured to fit between the core poles of a generator. 

[0008] One embodiment of the invention may be implemented in a generator having a 
substantially cylindrical rotor frame, a plurality of core poles coupled around the rotor frame, the 
plurality of core poles extending radially from the rotor and having core pole tips that are wider 
than the core poles. A coil is wound around a first core pole and a wedge-shaped member 
positioned between the first core pole and a second core pole to support the coil on the first core 
pole as the rotor frame is rotated. The wedge-shaped member includes a first plate having a 
plurality of through-holes, the first plate abutting the first core pole, a second plate abutting the 
second core pole. A third plate has a first longitudinal edge coupled along a first longitudinal 
edge of the first plate and a second longitudinal edge of the third plate coupled to a first 
longitudinal edge of the second plate. One or more reinforcing cross members are coupled 
between a second longitudinal edge of the first plate and a second longitudinal edge of the 
second plate to the third plate. The coil wound around the first core pole is restrained by a 
bonding material impregnated between the coil and the one or more passages through the first 
plate. 
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[0009] According to one embodiment of the invention, the wedge-shaped member has a 
substantially trapezoidal cross-sectional area. The third plate may have a curvature that 
conforms to the cylindrical rotor frame. 

[0010] In one embodiment of the invention, the second longitudinal edge of the first plate is 
retained by the core pole tip of the first core pole and the second longitudinal edge of the second 
plate is retained by the core pole tip of the second core pole. 
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DETAILED DESCRIPTION 



[0011] Devices and apparatus that implement the embodiments of the various features of the 
invention will now be described with reference to the drawings. The drawings and the associated 
descriptions are provided to illustrate embodiments of the invention and not to limit the scope of 
the invention. Reference in the specification to "one embodiment" or "an embodiment" is 
intended to indicate that a particular feature, structure, or characteristic described in connection 
with the embodiment is included in at least an embodiment of the invention. The appearances of 
the phrase "in one embodiment" or "an embodiment" in various places in the specification are 
not necessarily all referring to the same embodiment. Throughout the drawings, reference 
numbers are re-used to indicate correspondence between referenced elements. In addition, the 
first digit of each reference number indicates the figure in which the element first appears. 
[0012] In the following description, certain terminology is used to describe certain features 
of one or more embodiments of the invention. The term "windings" includes wound-type coils 
and similar devices. The term "generator" includes motors, electrical generators, induction 
machines, etc. 

[0013] One embodiment of the invention provides a wedge to fit between poles to prevent 
coils from being spun off the core. 

[0014] Figure 1 illustrates a generator wedge according to one embodiment of the invention. 
The wedge 100 has a trapezoidal shape to fit between the rotor coils of a generator. The wedge 
100 is substantially hollow or includes a plurality of cavities 108 to keep the center of mass of 
the generator as close to the axis of rotation as possible. Such hollow wedge configuration 
avoids increasing the loads on the wedge 100 in a high speed generator. By having a hollow 
body or a plurality of cavities 108, the wedge's center of mass is moved closer to the generator's 
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axis of rotation thereby reducing the centrifugal load generated by the weight of the wedge 100 
itself As a result, the shape of the wedge 100 may be optimized for strength and weight. 
[0015] A plurality of webs or support cross members 102 provide support to the coils of a 
generator at multiple points along the span of the core. In between the webs or cross members 
102, thin side walls 104 and 106 are used to hold the webs 102 in position between the generator 
coils. 

[0016] The number of webs 102 and/or spacing between the webs 102 may be dictated by 
the coil loads that the wedge 100 is expected to resist. This configuration eliminates most of the 
weight found in existing wedge designs. 

[0017] According to one embodiment of the invention, a pattern of holes 1 10 are defined by 
the side walls 104 and 106. These holes 110 further reduce weight and also help resist 
movement of the wedge 100 by keying an impregnation material between the wedge 100 and the 
coil insulation. The impregnation material binds to the coils as well as flows through the holes 
110 to create a strong bond between the coils and side walls 104 and 106. Moreover, a radius 
member 112 at each end of the wedge 100 may serve to couple the wedge 100 to a generator 
rotor. 

[0018] Additionally, the substantially hollow wedge 100 may also improve cooling of the 
rotor coils due to the shorter heat conduction path and greater wetted area for the cooling 
medium to impinge upon. That is, in contrast to a conventional solid wedge, the wedge 100 
having a hollow area or a plurality of cavities 108 reduces the amount of material through which 
heat from the coils must travel before it is dissipated. Also, the additional surface area formed 
by the surfaces inside the cavities 108 increases the area through which heat from the rotor coils 
may be dissipated. 
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[0019] Figure 2 illustrates a rear view of the generator wedge of Figure 1 according to one 
embodiment of the invention. The short side 202 of the trapezoid-shaped wedge 100 is typically 
inserted in between rotor coils so that it is the closest to the generator's axis of rotation. As 
illustrated in Figure 2, the holes 110 extend from one side of the side walls 104 and 106 to the 
other side. 

[0020] Figure 3 illustrates a cross-sectional view of the generator wedge of Figure 1 
according to one embodiment of the invention. The angle between the side walls 104 and 106 
and short side 202 of the wedge 100 may vary depending on the physical dimensions of the rotor 
coils for the generator in which the wedge 100 is to be used. The web or support cross members 
102 may extend from the short side 202 to the long side 204 of the wedge 100. In other 
implementations, the web 102 may partially extent between the short side 202 to the long side 
204 of the wedge 100. In other embodiments of the invention, the web 102 may also include a 
one or more openings or holes for further ventilation or to reduce the overall weight of wedge 
100. 

[0021] Figures 4, 5, and 6 illustrate how a generator wedge 100 may be positioned within a 
generator 400 according to one embodiment of the invention. The wedge 100 is placed between 
to rotor core poles 402 and 404 as shown. Coils 502 and 504 are wound around the first and 
second cores poles 402 and 404 respectively. The generator 400 rotates about an axis 406. 
Typically, a wedge 100 is placed between every core pole to provide support to the coils wound 
thereon. 

[0022] In one implementation of the invention, the generator 400 includes core poles 402 
and 404 having pole tips 506 and 508 that may serve to provide support to the wedge 100 when 
the generator 400 rotates about its axis 406. The wedge 100 may be designed so that it fits 
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snugly between the core poles 402 and 404 and the core poles tips 506 and 508, which retain the 
wedge 100 as the generator spins. In this manner, high-speed generators can use the core pole 
tips 506 and 508 to provide support to the wedge 100 along its entire length. As a result of the 
support provided by the pole tips 506 and 508, the wedge 100 is not required to be as stiff, thus 
permitting the thick webs seen at the top of many conventional wedges to be eliminated, further 
reducing the weight of the wedge 100. 

[0023] In one embodiment of the invention, a radius member 1 12 may be machined at each 
end of the wedge 100. When the wedge 100 is inserted into the inter-pole cavities of a generator 
rotor 400, the wedge 100 may be secured to the generator rotor 400 by bands 602 around the 
perimeter the generator rotor 400 that secure the radius member 1 12 of the wedges. 
[0024] Various embodiments of the wedge 100 may be used directly in place of any 
conventional wedge once it has been determined that the core pole tips have sufficient strength 
margin to support these wedges 100. In various embodiments of the invention, manufacture of 
this type of wedge 100 can be achieved by machining, casting/molding or fabrication. Different 
materials can be used to make the wedge 100, including metals (e.g., aluminum, steel, and/or 
titanium) and/or reinforced epoxy plastics such as PEEK. One embodiment of the invention uses 
the lightest weight material combined with a suitable manufacturing process to achieve the 
strength required for the desired application. In many cases, this would take the form of a 
molded reinforced epoxy plastic. 

[0025] In various embodiments of the invention, the wedges 100 and coils 502 and 504 may 
have a bonding or securing material between them. For instance, an epoxy may be impregnated 
between side wall 106 of wedge 100 and the abutting surface of coil 502 so that the epoxy also 
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passes through holes 1 10. This prevents the coils 502 and 504 from loosening or being deformed 
by the centrifugal force of a high speed generator. 

[0026] While certain exemplary embodiments have been described and shown in the 
accompanying drawings, it is to be understood that such embodiments are merely illustrative of 
and not restrictive on the broad invention, and that this invention not be limited to the specific 
constructions and arrangements shown and described, since various other changes, combinations, 
omissions, modifications and substitutions, in addition to those set forth in the above paragraphs, 
are possible. Those skilled in the art will appreciate that various adaptations and modifications 
of the just described preferred embodiment can be configured without departing from the scope 
and spirit of the invention. Therefore, it is to be understood that, within the scope of the 
appended claims, the invention may be practiced other than as specifically described herein. 
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